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ABSTRACT 



The invention relates to a biaxially oriented polyester film 
having at least two layers and which, together with good 
processing performance, after it has been metalizcd or has 
been coated with oxidic materials, is a very good gas or 
oxygen barrier, and which has been built up from al feast one 
base layer and at least one outer layer apphed to this base 
layer, where the film has a planar orientation Ap of greater 
man 0.165. 

19 Claims, No Drawings 
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BIAXIALLY ORIENTED POLYESTER FILM relatively long storage times, the oxygen transmission 

HAVING MORE THAN ONE LAYER; ITS (identical to permeability) of the metalizcd film may not be 

USE; AND PROCESS FOR ITS PRODUCTION greater than 2 cm 3 /(m 2 .bard), but in particular not greater 

man 15 cm 3 /(m 2 .bar.d). In the future, the demands of the 

Hie invention relates to a transparent, biaxially oriented 5 packaging industry will head toward still higher barriers, 

polyester film which has a base layer composed to an extent with attempts to achieve permeability values of less than 1.0 

of at least 80% by weight of a thermoplastic polyester and cm 3 /(m 2 .bar.d) for metahzed films, 
has at least one outer layer. The film has good processing 

performance and good optical properties and, after it has DESCRIPTION OF THE RELATED ARTS 

been metahzed or has been coated wiihoxidic materials, is 10 m ^ p[iora[t> ^ ^ neither sufiBcient knowledge of the 

a very good gas or oxygen bamer Tte invention relates det ailed basis for the barrier efi^t of inetanzed or oxMically 

moreover totheuseofthefilmandtoa process for its c^b^yo^d films nor of how this may 

p on. . be decisively improved Variables which arc clearly impor- 

BACKGROUND OF THE INVENTION 15 t ant are ^ e surface, and the substrate polymer and 

its morphology. 

Field of me Invention Weiss et aL, in "Thin Solids Films" 204 (1991), p. 

Biaxially oriented polyester films are used in packaging ^l 16 ' Studied of J* ™ gbn T ° f \f ' 

and in industry prJriy where there is a need for mek strale ^f^T^^L^ 

advantageous properties, Le. good optical properties, high *o ^1°°*^^ .^ h ^? tau f d T~ °° nocn - 

mechamcal strengths, good barrier effect in particular ^Zf^^ ^ * ^ expernnciits 

against gases, good dimensional stability when heated and ******* ^ * ^ rf J* 

excellent lavflat coating varied from 2 to 20% by weight. Usmg this 

. . . method, the roughness R a of the coated substrate surface 

In food packaging applications, packaging technology be varied fiom 43 nm (uncoated and coated film, 
requires a high barrier effect against gases, steam and flavors 25 titamTini dioxidc) to 124 nm. In his experiments, 
(this havingthe same significance as low transmission or increasing roughness (increasing proportion of HO,) of the 
tow peimcatakry). A weD-known process for producing coated surface resulted in markedly higher oxygen trans- 
packaging of nils type consists m high-vacuum ahiminum missions after metalizing with ahuninum. However, the 
metahzmg of the plastic fihns used for this purpose. Other largcst step increase in oxygen transmission was seen when 
weU-fa^inoc^ 30 me mjQ (fJ% b ^ m was compared with the 
materials (e.g. SiO x or A±O y ) or water glass. Essentially, the uncoated film, although the surface roughness of the sub- 
coatings used are transparent strate surface was the same in both cases. Merely coating the 

The barrier effect against the substances mentioned above film gave a deterioration in the barrier from about 0.43 
depends essentially on the type of the polymers in the film 3S cm 3 /(m 2 .dbar) (plain film) to about 19 cm 3 /(m 2 d.bar) 
and the quality of the barrier layers applied. Thus, a very (coated film). A further uncertainty concerning the transfer- 
high barrier effect against gases, such as oxygen and flavors, ability of this work to commercial products is created by the 
is achieved in metalirod, biaxially oriented polyester films. feet that the aluminum layer was applied using a laboratory 
A barrier effect against steam is achieved in metalized, evaporator. When compared with an industrial metaJizer, 
biaxially oriented polypropylene films. ^ this method achieves essentially low permeability values, 

The good barrier properties of metalized or oxidicaHy and the influence of the substrate surface on the barrier 

coated films mean that they are used in particular for properties cannot be clearly seen. 

packaging foodstuff and other consumable items, for which other detailed results of studies on the influence of the 
long storage or transport times create the risk that the substrate surface of polyester films on their barrier proper- 
packaged foods lose flavor and become spoiled rancid if 4S ties can be found in the dissertation by H. Utz (Technische 
there is an inadequate barrier. Examples of such foodstuffs Umversitat Munchen 1995: "Barriereeigenschaften Ahi- 
and consumable items are coffee, snacks containing fats mm jumbedampfier Kirnststoffolien" [Barrier Properties of 
(nuts, potato chips, etc.), and drinks containing carbon Aruminum-Mctalizcd Plastic Films]). 

^^SlF^ .r a 1- • 1 EP-A-0 490 665 Al describes a single-layer biaxially 

If Polyester films metalized with an aluminum layer or 50 oriented polyester film for magnetic recording tape; the film 

having applied oxidic layers are used as packaging material, contains 

they are generally a constituent of a multilayer composite Nr « „ „ ™ « - - - % • ■ . 

film (laminate). Bags produced therefom c^ be filled, for a) from 0.05 to 1.0% by weigh tof fl)-ahm^ having an 

example, on a vertical tubular bag forrning, filling and avera^ particle diameter m the range &om 0.02 to 03 

sealing machine. The bags are heat-sealed on their inward 55 fxm ' a 

side (Le. on the side facing the contents), the heat-sealable °) 001 to DV weight of inert particles of a type 

layer consisting, for example, of polyethylene. The compos- omcr ^an ca- alumina and having an average particle 

ile film here typically has the following structure: polyester diameter in the range from ai to 15 /an, these particles 

kyer/atuminum or oxide layer/adhesive layermeat-sealable lai B er than the ©-alumina particles, 

layer. The thickness of me metal or oxide layer is only from ^ Th e surface of this film is formed by a large number of 

10 to 80 nm. Even tins very thin functional layer is sum- elevauons^rotrusions which are described by the rclation- 

ciently effective to achieve adequate protection from Light S ^P 
and very good barrier properties. 

— . . ... -lMx*4<iog;y<-10.0x+5 where y>30, x>O05 am. 

The gas or oxygen barrier or the oxygen transmission is 

generally measured not on the laminate or the packaging 55 In this equation, x</*m) is a height above a standard level 

itself, but on the metalized polyester film, lb ensure good and y is the number of elevations (number/mm 2 ) if the 

quality of the foods or other consumable items even after elevations arc sectioned at a height of x. The distribution of 
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the elevations is measured with a standard apparatus for gas or oxygen permeability of the film after it has been 
measuring roughness. This text gives no information con- coated with oxkiic materials should be less than 3.0 cm 3 /(m 2 
ecroing improvement of the barrier properties, the gloss or d bar). The gloss of the film should be greater than 170, and 
Daze - its haze Less than 2.0%. In its other properties, the film 
The prior art also discloses films which have different 5 should be at least equivalent to the known packaging films 
roughnesseson their two siirfaces (dual smface). These rllr^ of this type. In addition, it should be simple and cost- 
arc suitable in particular for magnetic recording media and effective to produce, and it should process well on conven- 
essentially have different topographies (e.g. surface A tional machinery. The coefficient of friction on at least one 
smooth, surface B rough). These texts generally provide of the two surfaces should be less man 0.5. 
means of improving the Tjrccessir^ properties of ,0 ^ ^ ject ^ ^ achifived by m&iDS of a 

^l^Tf^^L^^ 11108 ^ JL t oriented coextruded polyester film which has at least two 

EP-B4) 088 635 : describes a cwxtnided biaxially oriented laycre an d has a base layer which is composed to an extent 

polyester film having at least two layers, of which a layer A of al lcast by weight of a thermoplastic polyester, and 

consists of thermoplastic resin and a layer B comprises nas at ^ 0QC outer Uyer Vfhkh ronmiifies internal and/or 

ttermoplastic resm and fine particles. The roughness of ,5 mert the film has a planar orientation Ap of 

the outer surface of the layer A m the film is less than 5 nm greater than 0.165. 

and the outer surface of the layer B is either , . . * , , 

. . „ - - - ft „ . Internal particles are understood as meaning catalyst 

a surface having a roughness R a of from 5 to 40 nm and ^ -j,^ __ . • ^ .„ . a1 « « * +w JL r 

a large number of depressions and a large munbet of m ***** V**™*™ of 
protrusions which are arranged in a particular arrange- 20 

ment or ' Inert particles are taken as meaning particles which are 

a surface which has protrusions fonned on a Level area and ^ to the raw material, for example during its prepara- 
which is covered by a Layer C, which consists of a 

lubricant and has a roughness R fl of from 5 to 40 nm. According to the invention, to achieve the desired oxygen 

A disadvantage of film surface A is that it blocks, both 25 permeability of metalized or oxidically coated films, the 

with itself and with certain other surfaces (eg. rubber rolls). P lanar orientation Ap of the novel film must be greater than 

The film cannot be processed cost-effectively; in particular 0.165. 

during metalizing in vacuo, the film tends to tear because of To achieve good gas or oxygen barriers in metalized or 

its high tendency to block, and this can cause great cost oxidically coated PET films, a high planar orientation Ap is 

problems. The film is unsuitable for the purposes of the 30 therefore required. If the planar orientation Ap of the film is 

object to be achieved smaller than the value given above (cf. FIG. 1) then the 

It is also known that the gas or oxygen barrier can be barrier in the above sense is poor, but if the planar oricnta- 

urrproved by selecting particular polymers for the film tion Ap of the film is greater than the value given above then 

serving as substrate (Schrikker, G.: Metallisierte Kunststof- the barrier in the above sense is good, 

folien fur Hobhcrwertige Verpackungcn [Metalized Plastic 35 In a preferred embodiment of the novel film, the planar 

films for High-Quality Packaging] in ICI 5th International orientation Ap of the novel film is greater than 0.166 and in 

Metallising Symposium 1986, Cannes). Polyesters, for a very particularly preferred embodiment greater than 

example, are particularly suitable, specifically those made 0.1665. 

from ethylene glycol and terephthalic acid or from In the preferred and particularly preferred embodiments, 

cthyleneglycol, terephthalic acid and naphthalene-2,6- 40 the novel film in its metalized or oxidically coated form is 

tricarboxylic acid. Besides these, polyamkles, ethylene -vinyl a particularly good gas or oxygen barrier, 

alcohol copolymers (EVOH) and polyvinylidene chloride | t has moreover proven advantageous for achieving a high 

may also be used with advantage. Thus, for example, ILS. barrier if the refractive index n, in the direction of the 

Pat No. 5,506,014 describes a copolyester made from (a) thickness of the film is less than a defined value. This value 

from 45 to 85 mol% of terephthalic acid, (b) from 10 to 40 45 is n, =1 495 

mol * of n^hthalen^carborylic acid and (c) from 5 tol5 to the invention, the film is built Tip from at 

mol % of a Acarbozyte acd havmg from 2 to 8 carbon ^ two la^rs and has, on one side of layer B (-base layer), 

atoms and (d) cthyleneglycol; (the molar percentages are #. m „ 1t+ „ A tTTT . „^ „ ■ 'l 

based on the total proportion of dcarboxyhc acia^ This ? °^\ f^l ^ 7 ^ X com P nsc 1$™"* 

~* . . . ^ " " l . ^ ; . cn beneficial to the production and processing of the film, 

polyester is claimed to have better barrier properties against 50 . . . . , . ' " . , , 

gases. It is used, inter alia, for producing bottles or contain. * part ^ ly ^ ^ « mbodun ^ nov * 1 Pow- 
ers and films of various thidenesses. Ackadvantage of the ester film ^biiilt up from three layers and then comprises the 
raw materials mentioned is that they are sigmficanthy more outer layers A and C. The thickness and forrnulation of 
expensive than polyethylene tercphthalaie (PET) or are * c outer layer C may U selected mde^ijde^ of 
unsuitable and/or not officially permitted for use in food outer layer A Like layer A, the outer layer C may 
packaging armlications. comprise the polymers or polymer mixtures. However, it 

may also comprise other common outer-layer polymers. 

DESCRIPTION OF THE INVENTION various raw materials can in principle be used for the 

It has been an object of the present invention to provide materials of the various layers. However, it is preferable to 

a coextruded biaxiaHy oriented polyester firm which, after il $q use polyester raw materials as starting materials in tweparing 

has been metalized or has been coated with oxidic materials, the individual layers. 

is a very good gas or oxygen barrier. The film should The base layer of the film is preferably composed to an 

moreover have good optical properties (low haze, high extent of at least 90% by weight of a thermoplastic polyester, 

gloss) and be easy to Traduce and to process (Low coefficient Polyesters suitable for tins are those made from ethylene 

of friction). 65 glycol and terephthalic acid (-polyethylene terephthalate, 

Hie gas or oxygen permeability of the film after it has PET), from ethylene glycol and naphthalene-2,6- 

been metalized should be less than ID cm 3 /(m 2 d bar). The dicarboxyhc acid (^polyethylene 2^naphthalate, PEN), 
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from 1,4-bishydroxymethyl-cyclohezane and terephthalic invention, to ensure satisfactory film quality, the SV of the 
add (-poly-l,4-cyclohexancdimcthylcne tcrephthakte, polymers for the layers A or C should be in the range from 
PCDT) or from ethylene glycol, naphthalene-2,6- 300 to 1200, preferably in the range from 400 to 1 150, 
dicarboxylic acid and biphenyl-4,4'-dicarboxylic acid particularly preferably in the range from 500 to 1000. If 
(^polyethylene 2,6-naphthalale dibenzoate, PENBB). Par- 5 desired, a solid phase condensation may be carried out on 
ticular preference is given to polyesters which are composed the respective granules in order to adjust the SV values of the 
to an extent of at least 90 mol %, preferably at least 95 mol materials as necessary. As a general rule, the melt viscosities 
%, of ethylene glycol and tercphthalic acid units or of of the polymer melts for the base layer and the other layers 
ethylene glycol and naphmakne-2,6-dicarboxylic acid units. should not differ by more than a factor of 5, preferably by 
The remaining monomer units are derived from other 10 not more than a factor of from 2 to 3. 
aliphatic, cycloaliphalic or aromatic diols and dicarboxylic The base layer and the other layers may also contain 
acids, which may also be present in the layer A (or the layer customary additives, such as stabilizers and/or anti-blocking 

agents. They are expediently added to the polymer or to the 
Examples of other suitable ahphatic diols are diethylene polymer mixture before melting takes place. Examples of 
glycol, triethyleoe glycol, ahphatic glycols of the formula 15 stabilizers are phosphorus compounds, such as phosphoric 
HO^CH^-OH, where n is an integer from 3 to 6, (in add and phosphoric esters. 

particular 1,3-propanediol, 1,4-butancdiol, 1,5-pentanediol Typical antiblocking agents (also termed pigments in this 
and 1,6-hcxancdiol), or branched ahphatic glycols having up context) are inorganic and/or organic particles, for example 
to 6 carbon atoms. Of the cydoahphatic diols, cyclohex- calcium carbonate, amorphous silicic acid, talc, magnesium 
anediols (in particular l,4-cyck>hexanediol) should be men- 20 carbonate, barium carbonate, calcium sulfate, barium 
tioned. Examples of other suitable aromatic diols are those sulfate, lithium phosphate, calcium phosphate, magnesium 
of the formula HO-C^X-C^-OH, where X is -CH 2 -, phosphate, alumina, LiF, the calcium, barium, zinc and 
-C(CH 3 ) 2 -,-C(CF3) 2 -,-0-,-S- or -S02-. Besides these, manganese salts of the dicarboxyhc acids used, carbon 
bisphenolsof the formula HO-C^-C^-OH are also very black, titanium dioxide, kaolin and crosslink^ polystyrene 
suitable- 25 particles and cross linked aery Late particles. 

Other preferred aromatic dicarboxylic acids are benzene- Selected additives may also be mixtures of two or more 
dicarboxyhc acids, naphthaienedicarboxylic acids (for different antiblocking agents or mixtures of anti-blocking 
example naphthalene-1,4- or 6-dicarboxyhc acid), bipbcnyl- agents of the same formulation but of different particle size. 
XjX'-dicarboxylic acids (in particular bipheny 1-4,4'- The particles may be added to the individual layers in the 
dicarboxylic acid), diphenylacetylene-x^t'-dicarboxylic 30 respective advantageous concentrations, e.g. as glycohc 
acids (in particular drphenyUcetylene4,4 , -dicarboxyHc acid) dispersion during the polycondensation or via masterbatches 
and stifocne-x^sucartjoxyhc acids. Of the cycioalipharic during extrusion. Pigment concentrations of from 0 to 5% by 
dicarboxylic acids, mention should be made of cyclohex- weight have proven particularly suitable. A detailed descrip- 
anedicarboxylic acids (in particular cyclone xane- 1,4- tion of antiblocking agents is found, for example, in EP-A-0 
dicarboxylic acid). Particularly suitable aliphatic dicarboxy- 35 602 964. 

lie acids are the C^-alkanedioic acids, the ateane part of Preferred particles are Si0 2 in colloidal and in chain form, 
which may be strajgmsmain or branched. These particles arc bound very effectively into the polymer 

The polyesters may be prepared by the transesterification matrix, and create vacuoles to only a very slight extent, 
process, the starting materials for which are dicarboxyhc 40 Vacuoles generally cause haze and it is therefore expedient 
esters and diols, which are reacted using the customary to avoid them. There is no limit in principle on the particle 
transesterification catalysts, such as salts of zinc, calcium, diameters of the particles used. However, to achieve the 
lithium, magnesium and manganese. The intermediates are object of the invention it has proven advantageous to use 
then polycondensed in the presence of widely used poly- particles having an average primary particle diameter of less 
condensation catalysts, such as antimony trioxide or tita- 45 than 100 am, preferably less than 60 nm and particularly 
mum salts. The preparation may be carried out just as preferably less than 50 nm and/or particles having an 
successfully by the direct esterification process in the pres- average primary particle diameter of greater than 1 p, 
ence of polycondensation catalysts, starring directly from preferably greater than 13 fan and particularly preferably 
the dicarboxyhc acids and the (hols. greater than 2 fan. 

In principle, the same polymers may be used for the outer 50 The pigmentation of the individual layers unrelated to the 
layers as for the base layer. Besides these, other materials outer layers can therefore vary greatly and depends essen- 
may also be present in the outer layers, in which case the tially on the structure of the film (layer structure) and the 
outer layers are preferably composed of a mixture of requirements of the film with respect to achievement of 
polymers, of a copolymer or of a homopolymer winch other optical properties (haze), and on the behavior in 
contain ethylene 2,6 -naphtha Late units and ethylene tcrcph- 55 production and processing. 

thalate units. Up to 10 mol % of the polymers may be If the film is the preferred three-layer film with the base 
composed of other comonomers (see above). layer B and the two outer layers A and C, then the particle 

For processing the polymers, it has proven useful to select concentration in the base layer B is preferably lower than in 
the polymers for the base layer and the other layers in such the outer layers. In the case of a three-layer film of the type 
a way mat the viscosities of the respective polymer melts do so specified, the particle concentration in the base layer B is 
not differ excessively. Otherwise it is likely that there will be from 0 to 0.15% by weight, preferably from 0 to 0. 12% by 
flow disturbances or streaking in the finished film, lb weight and in particular from 0 to 0.10% by weight- There 
describe the viscosity ranges of the two melts, use is made is in principle no restriction on the diameter of the particles 
of a modified solution viscosity (SV). For commercially used, but particular preference is given to particles with an 
available polyethylene terephthalalcs which are suitable for 65 average diameter of greater than 1 fan. 
producing biaxialry oriented films, the SV values are in the To achieve the film properties specified above, in particu- 
range from 600 to 1000. For the purposes of the present lar the permeability values for the film after metahzation/ 
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coating with oxidic materials, it has moreover proven ad van- tion which may be present can be screened out from the 

tageous if the film surfaces have specific topographies. For polymer melt before extrusion. The melts are thai shaped in 

at Least one surface of the films described here, the number a cocxtrusion die to give flat melt films, and are laminated 

N of elevations (per mm 2 ) and the height h (in fan) and the together. The multilayer film is then drawn off and solidified 

diameter d (in /an) of the elevations should be linked by the 5 with the aid of a chill roll and, if desired, other rolls, 

following equations: The biaxial orientation is generally carried out sequen- 
tially. For this, it is preferable to orientate firstly in a 

l ^3.7* log h/^m<log NW <2.4* -Z22- log fajum tongitudinal direction (i.e. in the machine direction, -MD) 

and then in a transverse direction fLe. perpendicularly to the 

where O05 >ok1i<1.00 jm (1) . . ,. . _ v V ^u^iuu^y lu ujx, 

w machine direction, -TD). This causes an orientation of the 
i. 7-3.86 *icg d/^mdog N/mm J <4.7 -27 *io g difnn molecular chains. The orientation in a longitudinal direction 

may be carried out with the aid of two rolls running at 
where 0.2 /un<d<io pm (2) different speeds corresponding to the stretching ratio to be 

... * 2 achieved. For the transverse orientation, use is generally 

N m number/mm . x . „ . . J 

' 15 made of an appropriate tenter frame. 

d in ^ Th e temperature at which the orientation is carried out can 

m/an. , , . . . - . vary over a relatively wide range and depends on the 

* « j • J!r -j- " ouuBWiwiiuy » stretching is earned out at from 80 to 130° C, and the 

metahzed or * coated with oxidic materials obeys the M frutsWBgi stretching at from 90 to 150° C. The longitudinal 

o wing conditions. stretching ratio is generally in the range from 25:1 to 6:1, 

log N/rnm 2 <l.4-i5*log hjpm (3) preferably from 3:1 to 5*5:1. The transverse stretching ratio 

is generally in the range from 3.0:1 to 5.0:1, preferably from 

where 0XJ5 /m<h<l.00 /en 35:1 to 45:l.The planar orientation Ap of >0.164 can, for 

2 t 25 example, be obtained by varying the parameters in machine- 

log N/mm 2 <3 .4-2.4.* log d/><m (*) direction-stretching and/or in transverse-d^ection-stretching 

where 05 >m«d<io>mi andA>r by varying the SV value of the employed raw 

material. Specifically the amounts of stretching in machine- 

N in number/mm 2 direction and in transverse -direction (A^ and Aj^), the 

h in fan 30 stretching temperatures in machine-direction and in 

d in fan. transverse -direction (J ML > and T ro ), the line speed and the 

In a very particularly preferred embodiment, R,, of at least kind of stretching specifically the kind of stretching in 

one side of the film is from 30 to 90 ran and in particular machine-direction have an influence on the planar orienta- 

from 35 to 80 ran. tion. If, for instance, a line yields a planar orientation of 

The roughnesses and surface topographies described 35 Ap-0.162 with the parameters A^-4.3 and A^-^.O.T^- 

above are achieved by the addition (and/or presence) in the 80 to 125° C and Tj^-80 to 135° C, a planar orientation 

outer laycr(s), and possibly also in the base, of the particles Ap, which is in the claimed range, can be obtained by 

described above. lowering the MD stretching temperature to Tj^^SQ to 118° 

If desired, there may also be an intermediate layer C. or by lowering the TD stretching temperature to T ro =80 

between the base layer and the outer layers. This also may 40 to 125° C. or by lowering the MD stretch ration to A^-4.9 

be composed of the polymers described for the base layers. or by raising the TD stretch ration to A ro -45. In the above 

In a particularly preferred embodiment, it is composed of the example the line speed was 340 m/min and the SV value of 

polyester used for the base layer. It may also contain the the raw material was 730. Before the transverse stretching, 

customary additives described. Hie thickness of the inter- one or both surfaces) of the film may be in-line coated by 

mediate layer is generally greater than 03 fan and is 45 the known processes. The in-line coating can, for example, 

preferably in the range from 0.5 to 15 fan, particularly serve to improve adhesion of the metallic layer or of any 

preferably in the range from 1.0 to 10 fan and very partial- printing ink which may be applied, or else to improve 

larly preferably in the range from ID to 5 fan. antistatic or processing performance. 

In the particularly advantageous three-layer embodiment In the subsequent heat -setting, the film is held for from 

of the novel film, the thicknesses of the outer layers A and 50 about 0.1 to 10 s at a temperature of from 150 to 250° C. The 

C arc generally greater than 0.1 fan and are in the range from film is then reeled up in a customary manner. 

0.2 to 4.0 fan, preferably in the range from 0.2 to 3.0 fan, Before applying the metallic or oxidic layer on one or 

particularly preferably in the range from 03 to 2-5 fan and both side(s), the biaxially oriented and heat-set polyester 

very particularly preferably in the range from 03 to 2J) jum; film may be corona- or flame-treated. The intensity of 

the outer layers A and C here may have the same or different 55 treatment is selected so that the surface tension of the film 

thicknesses. is generally greater than 45 mN/m. 

Hie total thickness of the novel polyester film can vary Metallic or oxidic layers are applied in customary indus- 
within wide limits and depends on the intended application. trial systems. Metallic layers of ahimiinim are usually pro- 
It is from 4 to 50 /on, in particular from 5 to 45 fan, duced by conventional metatiring (boat method). For oxidic 
preferably from 6 to 40 fan, the layer B being preferably in 50 layers, electron-beam processes or application by sputtering 
a proportion of from about 10 to 90% of the total thickness. have also proven successful The process parameters for the 

lb prepare the layers A and C (outer layer(s) A and C), it system during application of the metallic or oxidic layer to 

is expedient to feed pellets of polyethylene tcrcphlhalate to the films correspond to the standard co ndi tio n s. The mctal- 

onc or two extruders. The materials arc melted at about 300° izanbn of the films is preferably carried out so that the 

C. and extruded. 55 optical density of the metalized films is in the usual range 

The polymers tor the base layer are expediently fed from about 2.2 to 2.8. The oxidic layer is applied to the film 

through another extruder. Any foreign bodies or contamina- in such a way that the thickness of the oxidic layer is 
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preferably in the range from 30 to 100 am. The web speed 
of the film to be coated is from 5 to 20 m/s for all settings 
of variables. A laboratory metalization system was not used 
for me tali zing, since experience has shown that the barrier 
values arc then generally significantly better and cannot be 
used for comparative purposes. 

The film may also be chemically pretreated to establish 
other desired properties. Typical coatings are layers which 
promote adhesion, are antistatic, improve slip or have 
release action. These additional coatings may be applied to 
the film via in-line coating using aqueous dispersions, before 
the transverse orientation. 

If the film is metalized, the metallic layer is preferably 
composed of aluminum. However, other materials which 
can be applied in the form of a thin, cohesive layer are also 
suitable. Silicon, for example, is particularly suitable and, in 
contrast to aluminum, gives a transparent barrier layer. The 
oxidic layer is preferably composed of oxides of elements of 
the 2nd, 3rd or 4th main group of the Periodic Table, in 
particular oxides of magnesium, aluminum or silicon. Use is 
generally made of those metallic or oxidic materials which 
can be applied at reduced pressure or in vacuo. 

It is a further advantage of the invention that the produc- 
tion costs of the novel film arc comparable with those in the 
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The processing and reeling performance of the film, in 
particular on high-speed machinery (reefers, metahzers, 
printing and laminating machines) is extremely good The 
coefficient of friction of the film, which at least on one side 
is less than 05, is a measure of its processing performance. 
In a preferred embodiment, the coefficient is less than 0.45, 
and in a particularly preferred embodiment less than 0.40. 
Besides a good thickness profile, excellent layflat and low 
coefficient of friction, the reeling performance is decisively 
affected by the roughness of the film. It has become apparent 
that the reeling of the film is particularly good if the average 
roughness, at feast on one side of the film, is in a range from 
30 to 90 nm, while the other properties are retained 
unchanged. In a preferred embodiment, the average rough- 
ness is in a range from 35 to SO nm, and in a particularly 
preferred embodiment in a range from 40 to 60 nm. 

The table below (Table 1) shows once again the most 
important film properties in accordance with the invention. 



TABLE 1 





Range according to 
the invention 


Preferred 


Particularly 
preferred 


Unit 


Measurement method 


Planar orientation Ap 


>OA6S 


>0.166 


>0.1665 




Internal 


Oxygen permeability of the 


<1 


<DJ&5 


<0.7 


g AT 2 d" 1 bar" 1 


DIN S3 380, Fart 3 


metalized film 










Refractive index 


<1.49S 


<1.494 


<1.493 




[eternal 


Gloss (measurement angle 


>170 


>175 


>180 




DIN 67 530 














Haze* 


«£0 


<L9 


<1A 


% 


ASTM-D 1003-52 


Coefficient of friction 


<fl.5 


<0.45 


<0.40 




DIN 53 375 


Average roughness R, 


30-90 


35-80 


40-60 




DIN 4768 with a cnHsff 



of 0.25 mm 



prior art. The other properties of the novel film which are 
relevant to its processing and use are essentially unchanged 
or even unproved. Besides tins, it has been ensured that 
recycled material can be used during the production of the 
film in a concentration of from 10 to 50% by weight, 
preferably 20 to 50% by weight, based on the total weight 
of the film, without any significant adverse effect on the 
physical properties of the film. 

The film has excellent suitability for packaging of mod 
and other consumable items which, in both instances, are 
sensitive to light and/or air. Besides this, it is also extremely 
suitable for industrial use, e.g. in producing hot-stamping 
foils. It is particularly suitable for producing vacuum packs 
for coffee, in particular ground coffee. 

In summary, the novel film is an excellent gas or oxygen 
barrier after it has been metalized or has been coated with 
oxidic materials. In addition, it has the good processing 
performance desired, in particular on high-speed processing 
machinery, and has high gloss and low haze. 

The gloss of the firm surface A is greater than 170. In a 
preferred embodiment the gloss of the film is greater than 
175 and in a particularly preferred embodiment greater than 
180. The film is therefore suitable in particular for printing 
or mctfltiring. The high gloss of the film is transferred to the 
print or the applied metallic layer and thus imparls to the 
film the effective presentational appearance which is 
wanted. 

The haze of the film is less than 2X). In a preferred 
embodiment, the haze of the film is less than 1.9; and in a 
particularly preferred embodiment less than 1.8. 



40 The following methods were used to determine param- 
eters for the raw materials and the films: 

(1) Optical density 

The Macbeth TD-904 Densitometer from Macbeth 
(Division of Kollmorgen Instruments Corp.) was used to 
4 5 measure the optical density. The optical density is defined as 
OD=-lg 1/b where I is the intensity of the incident light, i 0 
is the intensity of the transmitted light and 1/1 0 is the 
transrnittancc. 

(2) Oxygen barrier 

The oxygen barrier of the metalized films was measured 
50 using an OX-TRAN 2/20 from Mocon Modern Controls 
(USA) in accordance with DIN 53 380, Part 3. 

(3) Determination of the planar orientation Ap 

The planar orientation is determined by me asuring the 
refractive index with an Abbe refractorneter using the fol- 
55 lowing procedure: 

Preparation of specimens 



50 -Spc-CE m^-fl ftff fr Sfpcc f ^ from 60 to 100 ntsi 

Specimen width: oonwpon db to prism width of 
10 mm 



To determine n^ and n^-n), the specimen to be mca- 
65 surcd must be cut out from the firm; the running edge of the 
specimen must run precisely in direction TD. lb determine 
n ro and n tl (=n a ), the specimen to be measured must be cut 
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out from the film; the running edge of the specimen must run (6) Surface tension 

precisely in direction MD. The specimens are to be taken The surface tension was determined using the "ink 

from the middle of the film web. Care must be taken that the method" (DIN 53 364). 

Abbe refractometer is at a temperature of 23° C. (7) Haze 

Using a glass rod, a little diiodomethane (n= 1.745) or 5 The haze of the film was measured according to ASTM-D 

dticdorDethane-bramonaphthalene mixture is applied to the 1003-52. The Holz haze was determined by a method based 

lower prism, which is cleaned thoroughly before the mca- on ASTM-D 1003-52, but, in order to utilize the most 

surcment procedure. The refractive index of the mixture effective measurement range, measurements were made on 

must be greater than 1.685. The specimen cut out in direc- fo ™ P icces of film laid one on top of the other, and a 1° slit 
tionTD is firstly laid on topof trris, in such a way that the 10 di ^!§ m ™* uaed ******* of 8 4 ° pinhok. 

entire surface of the prism is covered. Using a paper wipe, (8) Gloss 

tfe film is row firmly pressed flat onto thTprism/so thatit was ^^f^ 10 .^ * 7 ^ ™° 

• ^^u, lful <;FT ™*i,i„ *t rp, " ' c reflectance was measured as a characteristic optical value for 

iSA^t^XlJ^fSl ^lI^L^f 8 ton surface. Based on the standards ASTM-D 523-78 and 

^ T^, ,^t^^ V ^ test kquud is then ko 2813, the angle of incidence was set at 20' or 60°. A 

dropped onto the film. The second prism is swung down into is ^ of ^ ^ e ^ ^ mam at the set angle of 

place and pressed contact^ The indicator scale is md ^ rcflected and/or therebyTpro- 

wJTw ^ ^ d«k can be seen ^ ons[ ekctrica] variabk is displayed, representing the 

m 1 ^ m *? 2T from , L62 to L *' Ifthc hght beams hitting the photoelectric detector. Thevahe 

ttansihon from hght to dark is not sharp, the colors are measured * dimensionless and must be staled together with 

brought together m such a way mat only one hght and one 20 ^ ang1e ^ -^^^^ 

dark zone is yfcMc Tte sharp transition line is brought to (9) Determination of the particle sizes on film surfaces 

Ac crossing point of the two diagonal lines (in the eyepiece)^ A scanning electron microscope and an image analysis 

The value now indicated on the measurement scale is read system ^T used to determine the size distribution of 

off and entered mto the test record This a the refractive elevatioos on ^ Use is made of the XL30 CP 

index n^ in the madime direction. The scale is now turned is scw ^ clectron Mammpc fam Philips with an inte- 

^ fSr^^ m .u ^TJL 49 to I'!?- 6"^d image analysis progVa^: Analysis from Soft-imaging 

The refractive index n^or n, (in the direction of the Systen^ ""-j*"^ 

~w determined. To improve the For these measurements, specimens of film are placed fiat 
visibflityof die transition, which is only weakly vurfble, a on 4 spttiam hoUet These axe then metahzed obliquely at 

P0 ^^ n ^ B * 7* IT^' ^ B ^ 30 an angle a with a thin metallic layer (e.g. of sflver^a here 
unttl the h^on i« dearly vsibk The same consider- ktKa ^ between th6 surface of the specimen and the 
ahons apply as in.ttie determination of n^. If the transition direction of diffusion of the metal vapor/This oblique 

?° m J^ "J?* "I (C ° 1 : rt<1) ' C ° k>rS ™ metalization throws a shadow behind tteelevation. Since 

btoughuogedier in sud, a way that a sharp transition can be me m ^ electlicaU a^d,^ ^ ^ 

Se6Q - ,T J 5 ^ 8 ^ ^ Jf**^* 35 nien is then further sputtered or metalized with a second 

point of the two diagonal and the value indicated on the metaL(e . & gold)> ue Uco^ 0^ here impacting verti- 

scale is read off and entered into the Ubk, ^ onlo & of me fa suSTwaf that it 

The specimen is then turned, and die corresponding does not resuh m any shadows m me se^ coating, 

refract™ indices jj^, and n„(0 of the other side ate Scanning electron micracopc (SEM) images aretaten of 

measured and entered mto an appropriate table . « me spedmen surfaces prepared in this way. The shadows of 

After determination of the refractive indices m, me Canons are visible because of the contrast of the 

respectively, direction MD and the thufcness direction, the metallic mlterials . The specimen is oriented in the SEM so 

specmen anp cut out in duectaon MD is placed in position mal ^ ^ paraUel to one edge of the image. The 

and the refractive indices and n, (-nj are detennined in foUowing conditions are set in the SEM for recording the 

* ^T^f T^" ^ * C 45 image: secondary electron detector, operating distance 10 
vahwfortoeBside are inea^ The values for theA side acceleration vohagc 10 kV and spot 45^ brightness 
and the B side are combined to give average refractive ^ maSast m M , of ^ ^jfi^^ 
^cesjhe onentahon vriues are then calculated from the m the image is represented as gray values and the intensity 
refractive indices by the following formulae: of the bad^und noise is suifidently small for it not to be 

Alw(lj __ /( 50 detected as a shadow. The length of the shadows is measured 

m by image analysis. The threshold value for shadow identi- 

ap^awimyz-". ficalion is set at the point where the second derivative of the 

gray value distribution of the image passes through the zero 
«w0vo+'»7D-t<)3 point. Before shadow identification, the image is smoothed 

f .v sv ss with a NxN filter (size 3,1 iteration). A frame is set so as to 

V „-,, . . . , . , , ,. , . ensure that elevations which are not reproduced in their 

The SV (solution viscosity) was determined by disolvmg entirety in (he image are not included in the measurements, 
a speamen of polyester ^ a solvent (didloroaoeUc ^aod, ^ emaigement \ c ^ of ^ m6 ^ munbct of 
conoenhahon: 1 % by weight). The v^ty of thissohihon evahl ated are selected in such a way thai a total film 

and that of the pure solvent were measured in an Ubbelohde so surface of 036 mm 2 is evaluated, 
viscometer. The quotient (-relate viscodty r, J| was doer- The height of the individual elevations is computed from 
imned from me two values, 1.0M wwsabtracted fromthis, me j^u^ ^ me m< ^ 

and tins value multiplied by 1000. The result was the SV ship . ^ 
(solution viscosity). 
(5) Coeffident of friction ss N < taa °)' L 

The ooeflKient of faction was determined according to where h is the height of the elevation, a is the metahzarion 
DIN 53 375, 14 days after production. angle and Lis the shadow length. The elevations registered 
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in this way are classified so as to arrive at a frequency 
distribution. The classification is into classes of 0.05 fan 
width between 0 and 1 fan, the smallest class (0 to 0.05 fan) 
not being used for further evaluation calculations. The 
diameters of the elevations (the spread in the direction 
perpendicular to that in which the shadow is thrown) are 
graded in a similar manner in classes of 0.2 fan width from 
0 to 10 fan, the smallest class here again being used for 
further evaluation 
(U) Roughness 

The roughness R fl of the film was determined according to 
DIN 4768 with a cut-off of 0.25 mm. 

EXAMPLE 1 

Polyethylene terephthalate chips (prepared via the trans- 
estermcation process using Mn as transesterification cata- 
lyst; Mn concentration; 100 ppm) were dried at 160° C. to 
a residual moisture of Less than 50 ppm and fed to the 
extruder for the base layer B. 

In addition, polyethylene terephthalate chips (prepared 
via the transesterification process using Mn as transesteri- 
fication catalyst; Mn concentration: 100 ppm) which have 
been pigmented as shown in Table 2 were likewise dried at 
160° C. to a residual moisture of less than 50 ppm and fed 
to the respective extruders for the outer layer. 

A transparent AB film having two layers and a total 
thickness of 12 fan was produced by coextrusion followed 
by stepwise orientation in longitudinal and transverse direc- 
tions. The thickness of the respective layers is given in Table 
2. 



Outer layers A; 



84.0% by weight of polyethylene terephthalate KT 49 from Hbechst AO 
with an SV of 800 

16D% by weight of masterbatch made from 99.0% by weight of 

polyethylene terephthalate (SV of 800) and 05% by 
weight of Sylobloc 44 H (colloidal S:0 2 from Grace) 
and 05% by weight of AecoaO TT 600 (chain SiO, 
from Degussa) 

Base layer B: 

90JQ% by weight of polyethylene terephthalate KT 49 from Hoechst AO 
with an SV of 800 

10JO% by weight of ma&terbatch made from 99.0% by weight of 

polyethylene terephthalate (SV of 800) and 05% by 
weight of Sylobloc 44 H (colloidal SiOj from Grace) 
and 05% by weight of AexosD TT 600 (chain SiO? 
from Degosaa). 



The production conditions tor the individual process steps 
were: 



40 



stretching; 



Temperatures Layer A 300° C 

Layer B: 300° C 

Layer C 300° C 
Temperature of the take-off 

roll: 30° C 

Temperature: 80—120° C 
Longitudinal stretching 
ratio: 43 

Temperature: 80-135° C 

Transverse stretching ratio: 4.0 
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-continued 



Setting: 
Iteration: 



Temperature: 



230° C 
3s 



The film has very good optical properties and good 
processing performance (cf. Table 3). 

After the film had been produced (in this example and in 
all examples below) it was metalized on side A with alumi- 
num in vacuo in an industrial metalizer. 

The coating speed was 8 m/s and the optical density was 
2.6. 

Hie film exhibited the required gas or oxygen barrier. The 
structure of the film and the properties achieved in films 
produced in this way are presented in Tables 2 and 3. 

EXAMPLE 2 

A transparent film having three layers, ABA structure and 
a total thickness of 12 fan was produced by coextrusion 
followed by stepwise orientation in longitudinal and trans- 
verse directions. 
25 Outer layers A are a mixture o£ 

84.0% by weight of polyethylene terephthalate KT 49 from Hbechst AO 
with an SV of 800 

3Q 16.0% by weight of masterbatch made from 99.0% by weight of poly- 
ethy leneterephthalate (SV of 600) and 05% by weight 
of Sylobloc 44 H (Grace) and 05% by weight of 
Aeroail TT600 (Degnsaa) 
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35 The process conditions selected for all layers were as in 
Example 1. 



EXAMPLE 3 

A transparent film having three layers, ABC structure and 
a total thickness of 12 fan was produced by coextrusion 
followed by stepwise orientation in longitudinal and trans- 
verse directions. Only the outer layers were changed in 
comparison with Example 2. 



45 



96.0% by weight of polyethylene terephthalate RT 49 Emm Hoechst A(3 

with an SV of 800 
4.0% by weight of masterbatch made from 99.0% by weight of 
- polyethylene terephthalate (SV of 800) and 05% by 

weight of Sylobloc 44 H (Grace) and 05% by 
weight of Aeroeil TT 600 (Degussa) 
Outer layer C is a rnialure of : 

84.0% by weight of polyethylene terephthalate RT 49 from Hoechst AO 
with an SV of 800 

ld0% by weight of masterbatch made from 99.0% by weight of 

polyethylene terephthalate (SV of 600) and 05% by 
weight of Sylohloc 44 H (Grace) and 05% by 
weight of Aeroefl TT 600 (Degussa) 



60 The process conditions selected for all layers woe as in 
Example 1. 

EXAMPLE 4 

65 A transparent film having three layers, ABC structure and 
a total thickness of 12 fan was produced by coextrusian 
followed by stepwise orientation in longitudinal and trans 
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verse directions. Only the outer Layer A was changed in 
comparison with Example 3. Outer Layer A is a mixture o£ 
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verse directions. Only the outer Layer A was 
comparison with Example 3. 

Outer layer A is a mixture at 



99 A% by weight of polyethylene terephthalate KT 49 from Hoecbst AG 
with an SV of 800 
1J0% by weight of masteroatcfe made from 99.75% by weight of 

polyethylene terephthalate (SV of 800) and 025fc by 
weight of Aerasil IT 600 (Dsgmssa) 
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The process conditions selected for all layers were as in 
Example 1. 

EXAMPLE 5 

A transparent film having three Layers, ABC structure and 
a total thickness of 12 /an was produced by coextrusion 
followed by stepwise orientation in longitudinal and trans- 
verse directions. Only the conditions for longitudinal 
stretching were changed in comparison with Example 3. 

Longitudinal stretching: Temperature: 80 -117* C. 

Longitudinal stretching ratio: A3 

EXAMPLE 6 

A transparent film having three layers, ABC structure and 25 
a total thickness of 12 fan was produced by coextrusion 
followed by stepwise orientation in longitudinal and trans- 



is 



20 



99.0% by weight of po!yctb.ylece-2,6-iwpMhalHttt (Polyclear P 100 
prepolymer from Hoedut AG) with an SV of 600 
1.0% by weight of masteibatch made from 99.75% by weight of 

polyethylene terephtnalate (SV of 800) end 0.25% by 
weight of Acrosil TT 600 (Degusaa) 



The process conditions selected for all layers were as in 
Example 1. In thk example, the planar orientation is mea- 
sured from side C. 

Comparative Example 1 

A transparent film having three layers, ABC structure and 
a total thickness of 12 fan was produced by coextrusion 
followed by stepwise orientation in longitudinal and trans- 
verse directions. Only the conditions of longitudinal stretch- 
ing were changed in comparison with Example 3. 

Longitudinal stretching: Temperature; 80 -125° C. 

Longitudinal stretching ratio: 4.1 

After mctalization, the film did not have the required 
barrier values. 



TABLE 2 





Fthn 




Layer 








Avenge 




Pigment 








thirty gffBea 






— niament diameter 


concentrations 






Him 


ABC 








A 


B 


c 




fan 


structure 


taa 


A 


B C 




pm 




ppm 




El 


12 


AD 


15/105 


Sylobloc 44 H 


Sylobloc 44 H none 


25 


25 


800 


500 


0 










AerosilTTGOO 


Aerasil TT 600 


0.04 


0.04 


800 


500 


0 


E2 


12 


ABA 


15/9.0/L5 


Sylobloc 44 H 


none Sylobloc 44 H 


25 


IS 


800 


0 


800 










Acrosil TT 600 


Aerasil TT 600 


0.04 


0.04 


800 


0 


800 


E3 


12 


ABC 


15/9.0/15 


Sylobloc 44 H 


none Sylobloc 44 H 


25 


IS 


200 


0 


800 










Aeroeil TT 600 


Aerasil TT 600 


0.04 


0.04 


200 


0 


800 


E4 


12 


ABC 


i5/9.oas 


Sylobloc 44 H 


none Sylobloc 44 H 


25 


25 


SO 


0 


800 










Aerasil TT 600 


AerosflTT 600 


0.04 


0.04 


50 


0 


800 


E5 


12 


ABC 


150.QO5 


Sylobloc 44 H 


none Sylobloc 44 H 


25 


25 


200 


0 


800 










Acrosil TT 600 


AerosflTT 600 


0.04 


0.04 


200 


0 


800 


E6 


12 


ABC 


15/9.Q/15 


Sylobloc 44 H 


none Sylobloc 44 H 


25 


25 


50 


0 


800 










Aerasil TT 600 


AerosflTT 600 


0.04 


0.04 


50 


0 


800 


CE1 


12 


ABC 


15/9.0/15 


Sylobloc 44 H 


none Sylobloc 44 H 


IS 


25 


200 


0 


800 










Aeroeil TT 600 


AerosflTT 600 


0.04 


0.04 


200 


0 


800 



TABLE 3 



.for 
the height 

<ju triht]li0fl of 



for 



distribution of Coefficient 



Roo^bness 

Si 



Planar 



orientation Oxygen barrier 



the particles the particle* of frfalfmi Side Gioaa^ 



_£ Side Side Haze 0 Processing 





Ap 


anV(m 3 bar d) 


Side A/Side C 


SideA/SideC 


A/A 


oc 




m 


A 


C 


% 


El 


0.166 


as 


2.2/1 .3 Z6/2.7 


2-3/3.0 3.1/2.4 


0.46 


046 


45 


40 


175 


180 


IS 


E2 


0466 


0.8 


23/13. 2J&TL6 


2-3/25 3.1/3.1 


04 


0.4 


50 


52 


195 


105 


\A 


E3 


0J66 


0.5 


\ 35 122 1.65/2^ 


3-3/23 18/3.1 


ae 


0.4 


25 


56 


200 


190 


1.4 


E4 


0.166 


0.4 


13/13. 15/2.6 


3.18/2-3 35/3.1 


09 


0.4 


15 


55 


210 


190 


15 


E5 


0468 


0.3 


135/13 1.6S/2j6 


3-3/25 23/11 


06 


0.4 


25 


55 


195 


190 


1.4 
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TABLE 3 -continued 



Constanta for C onstanta for 

the height ths thickness Roughness 
distribution of distribution of Coefficient R. 

ft« particles the parades of friction Side Side <HosbP 

orientation Oxygen barrier A» A* B d uk A C Side Sadt Haze 1 * Processing 

Example Ap cm*/(m 2 bar d) Side A/Side C Side A/Side C A/A C/C nm AC % behavior 

E6 0.166 0.08 1.2/Z2 1.5/2.6 3.1eVZ3 3.5^1 0.9 0.4 12 50 210 185 1.2 good 

CE1 0.162 22 12S/Z2 L65/2.6 33/2.3 2.8m 0.6 0.4 24 55 195 180 15 good 

^Measured on die munetahzed fi lm 

Side A: Metabzed outer layer. The oxygen barrier was measured on the metalized film 
Side C: Unmetalized outer layer 

What is claimed is: 10. A polyester film as claimed in claim 1, wherein at least 

1. A biaxially oriented coextruded polyester film winch one outward-facing outer Layer has been in-line coaled, 
has at least two layers comprising: 20 n A process for producing a biaxially oriented polyester 

(A) a base layer, at least 80% by weight of which is film having more than one layer as claimed in claim 1, which 
composed of a thermoplastic polyester; and comprises: 

(B) at least one outer layer, which comprises internal (A) feeding polyester melts, corresponding to the fomru- 
and/or inert particles, wherein the film has a planar lations of the outer and base layers, to a cocxtrusion 
orientation Ap of greater than 0.165, and wherein, for die- 

at least one surface of tfae^ Ota, the number N of (B) extruding me result from step (A) onto a cooling roll; 
elevations per mm 2 , the height h in fun, and the and 
diameter d in fan of the elevations are linked by the 

following equations: ( c ) biaxially orienting and heat-setting the resultant 

30 prefilm, 

-i-3.7*iong h/>£mdog N/mm 2 <i2.48-2J22*iog hj?m (i) wherein the planar orkntationAAp of the film obtained is 

where 0.05 /mi<h<1.00 /mi, and a1 *; . „ . . - w . . . # 

' 1 12. Hie process of claim U, wherein the biaxial onenta- 

1.7-3.8 6* long d/am-dog N/mm 2 <47-2.7*k>g dV/an (2) 35 ^on of the film is carried out sequentially. 

13. The process of claim U, wherein the sequential 

where 0.2 /im<d<10 fjm. biaxial orientation is carried out by first orienting the prefilm 

2. A polyester film as claimed in claim 1, wherein the in a longitudinal direction, and then in a transverse direction, 
planar orientation of the film Ap is greater than 0.166. 14. The process for producing a biaxially oriented poly- 

3. A polyester film as claimed in claim 1, wherein the 4D ester film having more than one layer as claimed in claim 11, 
planar orientation of the film Ap is greater than 0.1665. m which recycled material is fed to the extrusion die at a 

4. A polyester film as claimed m claim 1, which has been concentration of from 10 to 50% by weight, based on the 
metallized and whercm the rnctalhzcd film has an oxygen to ial weight of the film 

transmissions ^^V'. 0 ™A m t . . 15. Hie process of claim 11, wherein the biaxially ori- 

5. A polyester fihn as churned in claim 1, which has been 45 CDted ^ hcal ^ t ^ ^ mib ~ a ^ corona-or flame 
metallized and wherein the metalhzed film has an oxygen treated ' 

transmission of less than 0.80 cm 3 /(m 2 bar d). . , . „ . . 

6. A polyester film as claimed in claim L wherein the 16 ' ^ P*** 88 chjm U ' mctalbc or 0Xldlc 
outer layers) hasmave a thickness of fiom 0.1 to 4.0 mn. k y<*sare appHed to the biaxial!) rariented I polyester film. 

7. Apolyester film as claimed in claim 1, wherein the film 50 ^ V^tm of claimj U, whei^me biaxiafiy 011- 
is built up from three layers and is composed of: cntcd P°ly«ter film » chemically pretrcated to promote 

, AN . ^ . . A . adhesion, promote release action, suppress static electricity, 

(A) theoin^-facmgouterlayerA;arid or to improve slip. 

(B) the base layer B; and 18. A method for packaging foodstuffs and other consum- 

(C) an outer layer C, which has been applied to the side able items, comprising packaging said foodstuffs and other 
of the base layer B opposite to the outer layer A 55 comsumabk items in a film as claimed in claim 1. 

8. A polyester film as claimed in claim 1* wherein the 19. A method for producing hot-stamping folk, compris- 
outer layers am pigmented. ing providing a film as claimed in claim I to produce the foil. 

9. A polyester film as claimed in claim 1, wherein the 

outer layers am differently pigmented. * * ♦ * * 
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